To compare intravenous (iv) ceftriaxone and penicillin G as therapy for neurosyphilis, blood and CSF were collected before and 14-26 weeks after therapy from 30 subjects infected with human immunodeficiency virus (HIV)-1 who had (1) rapid plasma reagin (RPR) test titers у1 : 16, (2) reactive serum treponemal tests, and (3) either reactive CSF-Venereal Disease Research Laboratory (VDRL) tests or CSF abnormalities: (a) CSF WBC values у20/mL or (b) CSF protein values у50 mg/dL. At baseline, more ceftriaxone recipients had skin symptoms and signs (6 [43%] of 14 vs. 1 [6%] of 16; ), and more penicillin recipients had a history P = .03 of neurosyphilis (7 [44%] of 16 vs. 1 [7%] of 14;
The diagnosis and treatment of neurosyphilis in persons infected with HIV type 1 are challenging. Neurosyphilis may be a more common complication of syphilis in those infected with HIV-1 [1, 2] and may be more difficult to diagnose because, similar to neurosyphilis, HIV infection itself may cause CSF pleocytosis or an elevated CSF protein concentration [3] . In addition, retrospective studies suggest that for 23%-60% of HIV-infected patients, currently recommended neurosyphilis therapy with penicillin G fails [4] [5] [6] .
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Informed consent was obtained from all subjects enrolled in this study, and guidelines for human experimentation of the US Department of Health and Human Services were followed in the conduct of this research. a ment of neurosyphilis. It is active against Treponema pallidum in animal models [7, 8] , penetrates CSF well, and has a long half-life that enables it to be given once daily [9] . Successful treatment of patients who have asymptomatic or symptomatic neurosyphilis, with use of ceftriaxone (1 g im daily for 14 days), has been reported [10] [11] [12] . However, a retrospective study of im ceftriaxone for treatment of HIV-infected patients with neurosyphilis, latent syphilis, and presumed latent syphilis (many of whom were eventually found to have neurosyphilis) showed a 23% failure rate, based on serological criteria [13] . The goal of this study was to compare the responses of HIV-1-infected patients to neurosyphilis therapy with iv ceftriaxone and iv aqueous penicillin G.
Methods
Study population. HIV-1-infected patients with syphilis were eligible for enrollment in the study. Criteria for enrollment included (1) a serum rapid plasma reagin (RPR) test titer у1 : 16, confirmed with either a reactive serum microhemagglutination-T. pallidum (MHA-TP) test or a fluorescent treponemal antibody-absorbed (FTA-ABS) test, and (2) CSF abnormalities, including either (a) a reactive CSF-Venereal Disease Research Laboratory (VDRL) test, or (b) a CSF WBC count у20/mL or a CSF protein concentration у50 mg/dL. Subjects were excluded from the study if they had been treated for syphilis within 1 year before enrollment, if they had received antibiotic therapy that would be active against T. pallidum within 45 days before enrollment, or if they had another documented CNS infection (other than with HIV-1) that could cause CSF abnormalities. Baseline CSF samples were collected within 7 days of initiation of therapy.
Study protocol. Subjects were enrolled from October 1991 through April 1994. They were randomized to receive 10 days of therapy with ceftriaxone (2.0 g iv once daily) or penicillin G (4 MU iv every 4 h). Lumbar punctures were repeated at week 14 and at weeks 26 and 52 for patients who had a reactive CSF-VDRL test, a CSF WBC count у5/mL, a CSF protein concentration у45 mg/dL, or a reactive serum RPR test at week 14. Peripheral blood CD4 lymphocyte counts were determined at baseline and at weeks 26 and 52. Serum RPR and CSF-VDRL samples from each patient were batched and run in parallel in a single assay.
Serum and CSF measures. Syphilis serologies included serum VDRL, RPR, MHA-TP or FTA-ABS, and CSF-VDRL tests and were performed according to established methods. CSF WBC counts and protein concentrations were determined according to standard laboratory methods at each site.
Study design and statistical analysis. Improvement in CSF measures and in serum RPR titers was defined categorically as (1) a 4-fold decline in initially reactive CSF-VDRL or serum RPR titer or a reversion to nonreactivity or (2) a 10% decline from an initial CSF WBC count у20/mL or in an initial CSF protein concentration у50 mg/dL. Differences in categorical variables were compared by Fisher's exact test. The changes in CSF measures and in serum RPR titers as continuous variables were compared by the Mann-Whitney rank sum test. Associations between treatment response and clinical parameters were described by logistic regression for categorical variables and by linear regression for continuous variables. Although the sample size was small for the analyses of influence of initial RPR titer on treatment response, logistic regression analyses were used because the results of univariate analyses were consistent with the results from Fisher's exact tests. All P values were two-tailed.
Results
Baseline characteristics of all 36 subjects. Thirty-six subjects were enrolled; 18 received ceftriaxone and 18 received penicillin. Most subjects were men ( ); 23 were black, 9 were white, n = 33 and 4 were Hispanic. The median peripheral blood CD4 T cell count was 326/mL (range, 40-790/mL; ), and the median n = 34 age was 34 years (range, 24-59 years). There was no significant difference between the 2 treatment groups in race or ethnicity, baseline CD4 T cell counts, or ages.
A previous episode of syphilis or neurosyphilis was defined as an episode with a recorded date of onset that was 13 months before enrollment in the study. Fourteen subjects (78%) in each treatment group had a history of syphilis, with the median interval between prior diagnosis and enrollment of 45.5 months (range, 4-588 months). Eleven subjects had a history of neurosyphilis, with the median interval between prior diagnosis and enrollment of 20 months (range, 4-39 months). Prior neu-rosyphilis was more common in the penicillin-treated subjects ( ) . P = .06
There was no difference between the treatment groups in the number of patients with neurological symptoms or signs, but more ceftriaxone recipients had skin symptoms or signs (8 [44%] of 18 vs. 2 [11%] of 18;
). Baseline values for CSF-VDRL P = .06 tests, CSF WBC counts, CSF protein concentrations, and serum RPR titers were similar in the 2 groups.
Deviations from the protocol. No baseline CSF abnormalities were noted in 1 subject in each treatment group. Two subjects in the ceftriaxone group had been treated with antibiotics active against T. pallidum !45 days before study enrollment. The subject in the penicillin group who did not have baseline CSF abnormalities and the 2 subjects in the ceftriaxone group who received antibiotics within 45 days before enrollment had follow-up data obtained and were included in the analysis to maintain an intent-to-treat approach. The patient without baseline CSF abnormalities in the ceftriaxone group did not have follow-up data obtained and thus could not be included in the follow-up analysis.
Follow-up. All but 3 ceftriaxone recipients received treatment for 10 days; 1 subject missed 1 dose of ceftriaxone and received 10 doses of ceftriaxone over 11 days, 1 was treated for 9 days, and 1 was treated for 11 days. Similarly, all but 3 penicillin recipients received therapy for 10 days; 1 subject experienced an anaphylactic reaction on the first day of treatment, was withdrawn from the study, and had no follow-up data obtained, and 2 subjects received treatment for 11 days.
We assessed improvement in CSF-VDRL test findings, CSF WBC counts, CSF protein concentrations, and serum RPR titers at follow-up in comparison with baseline values. For 2 subjects in each treatment group, serum from the baseline visit was not available for the batched assessment, and the results obtained at 2 weeks were used. The follow-up visit for this analysis was either the week-26 visit or the week-14 visit, if a week-26 visit was not made; as noted above, a lumbar puncture after the week-14 visit was not required for all subjects.
Baseline characteristics of the 30 subjects who were followed up are shown in table 1. Baseline serum RPR titers were higher in the ceftriaxone group, but this difference was not statistically significant. Significantly more penicillin recipients had a history of neurosyphilis; among these subjects, the median interval from prior diagnosis of neurosyphilis to enrollment was 20 months (range, 4-36 months). Significantly more subjects in the ceftriaxone group had skin symptoms and signs, but there were no other differences in symptoms and signs between the 2 groups (table 2) .
Similar proportions of ceftriaxone recipients and penicillin recipients had improved CSF-VDRL titers ( ). P = .003 Because high serum RPR titers may decline more rapidly than low titers [14, 15] , we reanalyzed the improvement in serum RPR titer in the 2 groups, controlling for initial titers; improvement in RPR titers remained significantly associated with treatment with ceftriaxone ( ). Improvement in serum P = .01 RPR titers was also significantly associated with treatment with ceftriaxone after we controlled for skin symptoms and signs ( ) or controlled for both initial titer and skin symptoms P = .008 and signs ( ). P = .03 All subjects whose follow-up data were available and who had a history of neurosyphilis were in the penicillin group; therefore, we were unable to include this variable in the logistic regression model. However, when we reanalyzed serum RPR response in the 19 subjects with no history of neurosyphilis, improvement remained significantly associated with ceftriaxone treatment (8 of [80%] 10 vs. 2 of [22%] 9;
), even after P = .02 we controlled fro baseline serum RPR titers ( ) or for P = .04 skin symptoms and signs ( ); the number of subjects in P = .03 this analysis was too small to allow us to control for initial titer and skin symptoms and signs together. When we repeated the analysis using changes in serum RPR titer and in CSF measures at follow-up versus baseline as continuous variables, the results were the same as for the analysis of improvement based on the above-specified criteria (table 3) .
Four baseline and 13 posttherapy CSF samples were available for PCR analysis [16] . None of the samples was positive for T. pallidum DNA by Southern blotting, regardless of the therapy administered.
Discussion
High-dose iv aqueous penicillin or im procaine penicillin with oral probenecid is recommended for treatment of neurosyphilis [17] . To date, the efficacy of these treatments and of iv or im ceftriaxone in HIV-1-infected patients with neurosyphilis has not been prospectively studied. In retrospective analyses, both im ceftriaxone and iv or im penicillin G are associated with high treatment-failure rates among HIV-1-infected patients [4] [5] [6] 13] . This randomized, open-label trial was designed to prospectively compare the effect of iv ceftriaxone versus iv penicillin in HIV-1-infected patients with neurosyphilis.
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Variable

Ceftriaxone
(n = 14)
Penicillin (n = 16) P CSF WBCs, cells/mL Ϫ64 (Ϫ140 to Ϫ35); n = 5 Ϫ55 (Ϫ100 to 0); n = 5 1.25 CSF protein, mg/dL Ϫ14 (Ϫ146 to 13); n = 13 Ϫ7 (Ϫ274 to 61); n = 9
1.25
Reciprocal CSF-VDRL, log 2 Ϫ1 (Ϫ1 to 1); n = 7 0 (Ϫ2 to 1); n = 7 1.25 Reciprocal serum RPR titer, log 2 Ϫ2 (Ϫ4 to 0); n = 10 Ϫ1 (Ϫ2 to 0); n = 15 .004 NOTE. Data are median (range). RPR, rapid plasma reagin test; VDRL, Venereal Disease Research Laboratory test.
We based our definition of neurosyphilis on identifying the abnormalities of conventional CSF tests. We were not able to use identification of T. pallidum DNA in CSF by PCR as a diagnostic tool or to use it to determine the efficacy of therapy because all pretherapy and posttherapy samples were negative. These results are consistent with those of a previous study that showed that PCR may have low utility for diagnosis of neurosyphilis in HIV-1-infected patients [18] .
Unfortunately, only 30 subjects could be included in the follow-up analysis. Among these subjects, there were significant differences between the groups in baseline laboratory measures and in demographic features. Notably, subjects in the ceftriaxone group had higher baseline serum RPR titers, and more had skin symptoms and signs, suggesting that more subjects in this group had secondary syphilis and concomitant neurosyphilis. Because this is a setting in which disease may be confined to the meninges [19] , it may be easier to cure than disease of longer duration that may involve meninges and brain parenchyma.
Although only 1 ceftriaxone-treated subject had a previous episode of neurosyphilis, nearly half of the penicillin-treated subjects had this history. These differences could influence response to therapy: serum RPR or VDRL titers decline more quickly after therapy in patients with earlier disease and in those with higher initial titers, and serum RPR and VDRL titers decline more slowly in patients who have had previous episodes of syphilis [14, 15] . Moreover, the penicillin group, which comprised a higher proportion of subjects with a history of neurosyphilis, may have inadvertently included patients for whom treatment had already failed.
We did not find a difference between the 2 treatment groups in terms of the proportions of subjects with improvements in CSF WBC, CSF protein concentration, or CSF-VDRL titers, but serum RPR titer improvements were significantly more common in subjects treated with ceftriaxone. This association remained significant after adjustment for baseline serum RPR titers, skin symptoms and signs, and prior neurosyphilis.
Our results may be interpreted in several ways. On the one hand, the CSF abnormalities seen in our patients may have been, at least in part, due to concomitant HIV-1 infection; these abnormalities would not be expected to improve after treatment with ceftriaxone or penicillin. Alternatively, the number of subjects included in the analysis of RPR titer improvement was greater than for any of the analyses of the 3 CSF abnormalities because not all subjects had each of the possible CSF abnormalities. Thus, our study had the greatest power to detect differences in serum RPR titers.
It is also possible that serum RPR titer is the first measure to improve after successful therapy and that improvement of CSF measures lags behind. Because the longest follow-up duration used in our analysis was 26 weeks, we may not have had sufficient time to observe differences in improvement in CSF measures. These latter interpretations might suggest that ceftriaxone was superior to penicillin in the treatment of our subjects. However, it is also possible that differences in the 2 treatment groups as outlined above may have been responsible for the observed differences in RPR titer improvement between the 2 groups. Although we were able to control for differences in baseline serum RPR titers, skin symptoms and signs, and prior neurosyphilis, we were unable to control for other suspected differences such as stage of syphilis.
Accordingly, the results of this study justify neither abandoning iv penicillin nor adopting iv ceftriaxone for the treatment of neurosyphilis in HIV-1-infected patients. They do suggest that iv ceftriaxone may be a reasonable alternative to penicillin for treatment of HIV-1-infected patients with neurosyphilis and concomitant early syphilis. Moreover, they show that the efficacy of high-dose iv penicillin, as assessed by response of CSF and serum measures, is not assured in patients with more advanced syphilis, particularly in those with prior neurosyphilis. Confirmation of these assertions awaits further study. In the meantime, clinicians must continue to follow CSF and serum measures carefully after treatment of neurosyphilis in HIV-1-infected patients.
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